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1, Introduction 
4 “ : т 2 т - | Р + саг 
project Prodigal covers feasibility studios for an Army scout c 
ыы airborne capability, which may be limited to jumps over obstacles 
inoluding rivers, or may extend to steady flight for sevoral milos, 1% 18 
hould be used only when the vehicle can no 


4ntended that this capability 5 
longer procoed as a land vehicle with good cross country performance, because 
it is presumed that the ground vehicle could penetrate further without being 


detected by the enemy, 


As & result of the submissions of the seven different firms (of which 
two have offered two separato solutions) it сап now be seen that the problem 
becomes the simultaneous provision of (1) в cross-country land vehiclo with 
a "payload" (including all its airborne machinery and fuel) of some 5055 of 
its gross weight, and (2) an easily controlled VTOL aircraft of limited range 
and sneed but capable of 50 take-offs with a "payload" (inoluding all its 
ground-borne propulsion system and fuel and its wheels and suspension) of 
some 404 of its gross weight. These are to be achieved within a vehicle 
some 16 ft, long and 8 ft, wide, and are both considerable problems in design, 


Оп the first aspect we can say little, except that if the gross weight 
and size are not to become too great, there must be considerable savings in 
the weight of the structure of the vehicle compared with present Army practice. 
Such savings might come from the acceptance of a slightly reduced cross- 
ee a, а e abandonment of armour and from aircraft methods 
construction, The problem then is 'etsin mili : ! | 
of ruggedness and reliability. ИНИ vehicle аннан 


E on ть aspect, of the VTOL machine, we shall now examine the 
ous proposals from the points of view offeasibility and practical worth. 


2. Solutions of the Problem 
2.1 General 


Las ERE ө бийр ia а solution of the protien of providing at 
дн. с us of achieving 50 jumps over а 10 ft. high x 30 ft. wid 
iuri. MU Бор дендік E is achieved straightforwardly by providing а 
| һе gross weicht | 16169 na | 
the crosa- | 5 eight of the vehicle*, 
ss-country performance should be adequate, and the а ы 


which is а light machine with limited cross-country performance and only hal 
ad L f 


the required payload: th 

| в ; 
ое Еа 5 payload could however be inereased at some cost in 
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using favourable ground effect, во Е 
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weight could | : 2 
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the possibility of 
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The achievement of the а tatio thrust is tackled in 4126 гран 
пати 411 8г0111 wa 
in Ёопога1 three main classes of vehicle oan be distinguished, барайлы i 
tho airborne time for any ono sortio, These are | upon 
(1) Jumps, limited in height (say 20 ft.) and range (less than 


100 ft.). 


(At) Short flights, inoluding jumps and flights of 1000 ft, 
over (up to 50,000 rt, total), range and 


(111) Extended flights, of considerably more than 10 miles, 


Taking these 01608868 in the reverse order, the long-range Eroup seems 
closer to the present helicopter solution, and it is felt that thaaa machines 
(the festland helicopter and the Handley Page folding-wing machine) are not 
really within the spirit of the specification. 


In the riddle group are four central-exit fan machines and one four fan 
machine, Boulton Paul, Shorts and Handley Page offer ducted fan-engine 
schemes, while Bristol giddeley gear three shaft turbines to a central fan, 
Vickers offer & machine with two shaft turbines geared to four fans, one at 
each corner, Тһе Bristol machine has в considerably extonded flight 
capability and can fly at 70 - BO m.p.h. for one hour, во to some extent 1% 
could be classified in the previous 5roup. However, with its limited cross- 
country ability, it may be required to fly more frequently than the other 
machines, and it has been included in the short range vehicle group, 


In the class of "jump" machines are the limited-flight stored energy 
machines, which use their road engines to store kinetic energy (Westlands) 
or high pressure air for release through a turbine (Follands). Also in this 
group will be the English Electrio machine that is intended to jump out of 
ground effect, 


Descriptions of the various machines follow. "Payload" here comprises 
the crew of two, military load including radio, and ground propulsion fuel 
for 200 miles range, 


2.2 Westland No.l (Helicopter) 


This machine is a straightforward grafting of the mechanical parts of a 
PIAL Wasp helicopter onto a vehicle of the Champ tyoe. The tail rotor 
mounting structure folds up and over to shorten the vehicle on the ground 
and to provide stowage for the folded main 4-blade rotor. Rotor diameter is 
32 Ti. 3 in, 


The vehicle itself is intended to be similar to the Champ or pand parer 
in fact, weight saving in the structure has been rejected, though р а 
&lloy panelling would be used. Тһе suspension system is basically that ; 5 
the Champ with long stroke oleos for the landing case. Тһе road engine is 
water cooled Coventry Climax үд of 100 b.h.p. 


The flight engine is a Blackburn A129 Nimbus or D.H. Gnome of 1000 s.h.p» 
It is to be spun continuously by an electric motor while the ges ыг 
moving, to prevent brinelling of the bearings. Тһе rotors are Bi 23 
those of the Wasp, but the control system is different, а. i ME 
manoeuvrability for improved stability and ease of flying, It will, 
be of normal helicopter type as regards pilot's controls. 


jg tail 

Conversion for flight involves unfolding the rotor Biers 2 цох юэ 
assembly, after first hydraulically unlocking the pina by Jaw с 

Time for folding or uhfolding is expected to be le үа 


cockpit, 


ancRET 
e 


lb., including а payload 
about 50 minutes 
1,0. about 100 


Tho &alleup weight of the machine із 7000 ) 
of 1140 1b, and flight fuel of 550 15. тота бя 
flight time with a speed that sould exooed 120 m,p.h., 


miles range, 


Comment 
APA Ч ‚ам “ene sntional helicopter, with somewhat 
The approach is very nearly conventi n ' 
higher dise loading than usual (8,6 1b./ft.? compared with, say, 8.57 P" 
7,5 1b./ft.?). 


Because the emphasis is on existing equipment and téchnology, thera 
is every reason to believe that this machine would fly successfully and that 


development time would not be long. 


However, the unfolding time required, vulnerability of the blades and 
rotor head, and the large 8150 of the unfolded machine would seem to miss 


the intentions of the specification, 


2.3 Handley Page 120в (Folding Wings) 

The machine consists of a land vehicle fitted with small folding wings 
of 27 ft. span and a folding tail unit, powered by a fan lift engine of 
10,000 1b。。 with central outlet through a deflecting nozzle and an additional 
engine of 3200 lb, thrust which can be used Рог lift or propulsion by means 
of swivelling nozzles at the sides, Another proposal (Mk, 2) replaces these 
two engines by one 35.55/5 engine with two cold and two hot exits at the sides 
соо melins, these having nozzles which сап be swivelled between vortical 
and aft. 


The structure is of light alloy or moulded glass fibre panels on a light 
alloy frame forming deep longitudinal beams. Suspension is similar to 
Ferret, but gives a long stroke (12 in.) for landing. The engine is a water 
cooled Coventry Climax FWBn-6 derated to 100 b.h.p, 


Vertical take-off, and jumps, аг hi 1 
| -of Sy е achieved using the fan-lift engine 
эзе шү ату jet from the smaller fan engine. Тһе tail unit is extended, 
2. ГЕ. М Бан н, at front and rear and on extending arms 
| : • а (90 ацопогіту rate stabilisation in vitch and roll ia 
E M ES synthetic damping. Тһе pilots controls are aircraft type 
but ai апа rudders are interconnected to ease piloting. | 


т и (central exit) there is а possibility of unfavourable 
is a-sisted by 3 hydr: miei BE Өй 3 20% of thrust. For this reason, take-off 
thrust of 4000 1b. count. jaeks with 18 in, stroke which, giving an initial 
separate exits, is Likely to have ашы, oe ТНе Mk. 2 version, with four 
complication is unnecessary, 276 zero or positive ground effect, and this 


For Wingborne fligh 
2 ght, the CRUS | | 
Mia Nope 221 but in e uni made hydraulically, 
cks might be lengthy, Iti 
with wings fol Ye It is suggested that the ine 
и зох ы елес 204 Шөл extend the wings when 22. would take off 
the lift engine ib кг 3206 129 ш.р.Б. (this is the я e 
| Wtched off, ЛЫН T | lling speed): 
Cruising speed is 200 m.p.h, ); 


The all-up weight is 9200" | 
load of 1700 1b. Provision is mage 1200 lb, payload i 
is 4k hops of 1000 ft, The 19 Méde for some ligh and airborne fuel 
or, with а long range tanl I Rat 
vertical take-off. D EE ferry purposes, 300 miles in each 
3 сл case from а 


* Mk. 2 weighs 10,000 1b. ee /Comment 
SECRET 


No conver- 
cal operation would be quick 


* № и ーー шил ai, 


Commaont 
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Thia does not appear to be a well balanced solution to the present 
problem, which involves 95% of the time as а eross-oountry vehicle. 


The machine is vary large (27 Ft, long) and heavy, and extremely 
complicatod, having two &irborne engines in tho МЕ.Т version, в controllable 
nozzle, and all the additional folding structure and controls of an &e6roplane 

к 4 в 


The МК. 2 version is Perhaps simpler (but 7 awt。 heavier) with its 83.53 
engine, and this engine does exiat, 


Тһе dise loading is high at about 700 1b./ft.*, with exit Velocities of 
about 700 ft./sec., so ground erosion effects may be severe, Оп the Mk,I 
version with its high intake, in spite of the relatively low mags flou 
associated with high disc loading, the momentum drag effects, particularly 
the rolling moment due to side Busts, will be very severe and insufficient 
attention has beon vaid to this, Tho further complication, of extending the 
wings in gusty conditions while hovering, 18 another considerable difficulty, 
ТГ wings are extended bofore take off, the machine is as big as the helicopter 
submission, 


2e% Vickers (South Marston) (Four Fans) 


The machine is lifted and controlled by a variable pitch ducted fan at 
each corner, the four being driven by a pair of 1400 8.Һ.р. gas turbines, 


The basic vehicle has a semi-monocoque construction, carrying Macpherson 
type suspension units designed by Dowty to combine cross-country requirements 
"ith tho landing сазе, Transmission includes hub reduction gears, Тһе road 
engine is a water cooled Coventry Climax 77у8-6 giving up to 155 b.h.p. 


Тһе four ducted fans, of 45 or 21 in, diameter, are shaft driven from 
two DH Gnome gas turbines developed to give 1350 5.h.p. each, so producing 
8320 15. lift (thrust/wei ght ratio Т/ = 1.03) for short periods. The disc 
loading of cach duct is 145 lb./sq.ft. at the larger diameter. Control is by 
collective pitch lever and by a control column giving differential lift for 
pitch and roll, Forward propulsion is by vehicle tilt, Stability has not 
been considered in grcat detail, 


Gross weight is 8100 lb, for the narrower vehicle (B ft. 6 in.) with a 
payload of 1100 1b. and airborne fuel of 870 19, Claimed performance is 
50 hops, either 10 ft. x 50 ft. or 1000 ft, Wide, or continuous flight at 
20 - 70 m.p.h. for 30 minutes, giving а range of 20 miles with the specified 
headwinds. 


Comment 


While the 4-fan layout is attractive from the ground вхохийзу ус ин 
View, including erosion, the stability problems of this type of vehicle 2 ШЫ 
already been found very difficult in the U.5., and nothing concrete has bee 
put forward in this proposal, 


Тһе driver being well back in the vehicle, visibility may be a problem 
in both ground and airborne phases, 


ts 
Іп this particular proposal, the power available from future Bic 
of the engines is only just sufficient to enable the machine to es ad 
І.5.А./8.Һ, conditions, Better performance could result from large ғ 
hence an unacceptably wide vehicle, 


; А һ іп 
Tt is noted that the ground transmission weights are extremely hig 
this vehicle, /2.5 


А 1 қ P "m 0 Гап) 
2.5 pristol giddoley (Multivengine, single san. 
^nnepnt o 11 ог wolght and lower orosn- 
| ) : й ‚ is A pono oF t of ligh Е ; 1 (DW C 
| oe ress Qu he athers, but 10010408 сопаідогаъ1 9 — wp 
LL ie olt-anzined safety, In а lightweight vi hicle, three shafit-turvsn 
50 givo muiti-engs тү wo сап orovide the roquired power) to 


(so that any % 
e contra-rotating fan. 
o tho cross-country limitations. 


are goared together ou is Тоолай аж 
drive meohnanically a larg 

extended rango should сүегсош 
with shoot steel roinforcemont, 


em " nstruction 
, of steel tube co Land Rovor type. 


has running fear of 

са яр n pas бна: easing gear box problems 

and allowing intorchangeability of fuel with the lift engines. rme 

includos hub goars and 18 considered by the firm to ba too келеді Ms х E - 
tatio system 18 to be studied, Suspension is of car type with өх 


long (15 іп.) travel for landing. 


Тһе vehicle 
all bonded into a glas 
The ground propulsion ongine i 


Т.е 76 in, diameter contra-rotating Гап is üriven by three DH Gnomo or 
Blackburn A-129 Nimbus gas turbines, rated at 1000 h.p, Normally only | 
2000 h.p. is required so the engines are used woll below rating; іп 0880 of 
an engine failure, full performance is still available. Forward propulsion 
is achieved by having the fan assembly tilted by 15"; there are also outlet 
9 and the whole machine may bo tilted, Stability 


vanos with a rango of +75 

and control is achieved by jots at the corners of the vehicle, supplied by a 
separate blower driven from the fan gears; yaw eontrol is by differential 
operation of the fan outlet vanos. autostabilisation may be provided; а 


unified control system with car type controls, with additional froodoms in 
the steering column, will be used in flight. 


The machine has а gross weight of 6000 lb, апа carries а зау1оад of 
650 1b. and 1200 lb. of flight fuel. This gives а one hour endurance at 
70 - 80 m.p.h. and should allow tho appropriate number of high and long jumps, 
The maximum altitude is 10,000 ft. 


Comment 


| With the exception of its cross-country performance and the limited 
sim of the proposal, this seems an attractive machine, 


Particularly good is the low intake, which minimi amë i 

а А aes the momentum dra 

оле, allied with the provision of control forces within the planform of 
i vehicle, These forces can be increased by providing a larger compressor 

utilising some of the built-in excess power to drive it, | 


give е алин is obviously useful for hot and high take offs апа to 

цангаа qium hand, one engine could be sacrificed to give tho 

1? the kid i e ба, Without loss of performance in 1.8.4./8.L. conditions 

Satu DN re capable of develoomont (e.g. D.H. Gnome rather than 21 
- в) most of the high altitude performance could be recovered, 


The payload deficiency is в 
зы рауіса оте : 
lift fuel, so again the аР одра ore 
were reduced to 45 minutes, 


this is about a quarter of th 
] 3 the 
could be provided if the endurance 


he · apis 7 — 5 a 
The unified ground and flight control System is attractive 


2,6 Boulton Paul Fan-lift engine 


The proposal comprises а lightwei 
| 2% ightweigh : 
engine іп а central duct, The сае Ы г араке with & large fan-lift 


and includes hydrostatic ENS vended to have Ferret performance 
3 
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tight alloy structure сопа ists of доор sido frames making ора 


Ы г rm, The long-travel Wishbone and alrspring suspension 
a ci carried by the frame, Ground propulsion 18 by a water cooled 
.oventry Climax Fum-4 of 100 b.h.p, driving tho wheel-hub. hydra: nte 
via individual pumpa, : Устали motors 

Thi Lift t пе по 18 а AS 99/12 with 65 in diameter fan ivi 
eis | . ng 10 
statio thrust "ith an exit Velocity of 525 Г. /зес, (T/W = 1.20), i til a lb, 
propulsion is by vehicle tilt and yaw control is by vanes in tho cold jet 


Stability and control is achieved by jets at the corners of the vehicle fod 
from the lift engine; the stabilization system is hydro-mechanioal, and 
usos the gyroscopic effeots of the engine in its flexible mountings as a 
rate-senaing device, Driver's controls are the same whool and column as for 
ground use (in which column movement alters the goar ratio) together with 
"ruddem pedals and a lift lever, | 


The gross weight із 8315 lb., payload is 1150 lb, ana flight fuel 
2221 lb. With this fuel the vehicle can achieve 13 flights of 1000 ft., or 
а Ггсе flight of about 18 miles at 60 - 70 mph. 


A further proposal makes use of an aft fan engine (RB.162) with side 
intakes, which should usefully reduce the control power requirements, It rives 
а slightly reduced range, 8.8. only 40 hops of 1000 ft. 


Comment 


This machine has a moderate disc loading for a Ғап-11Ғ% machine, Tt 
incormorates an attractive Proposal for a rugged mechanical stabilization 
system, and a novel ground transmission system; both of these are heavy, but 
their advantages in operation might be considerable, There has been an 
attempt to unite the ground and flight controls, 


The side intake version would be preferred, 


Flight fuel weight seems high for the disc loading in comparison with 
other machines, 


2.7 Shorts (Fan-lift engine) 


The proposal has a bypass engine fitted into a central duct in а light- 
weight chassis. Cross-country performance is stressed in the study; 
conventional transmission and suspension are provided, 


The structure is a box surrounding the lifting engine, The crew compart- 
ment is designed to protect the crew in ease of an engine failure at low 
altitude, The Porsche 90 b.h.p, aircooled engine drives the wheels through 
а conventional transmission, suspension is by leading and trailing arms and 
oleo-spring units giving а 12 іп, travel, 


The bypasss lift engine is В5.59/11 giving a static ا‎ шин 
(Т/ 1.18) , Propulsion is by tilt; the engine is tilted 5 , and Ён 15i 
pitch gives further propulsive thrust, Stability and control is by Е 
puff pipes extending from the corners of the vehicle, with small Мк. с 
at the forward joints, stability is by a triplicated ее | = 
system (duplex for yaw) similar to that on the 86.1. Pilot's contro 
miniature stick, 

00 1b 

The gross weight is 7050 lb., payload 1160 lb, and fe e . 
The number of 1000 ft. jumps is limited to 40, while the free flig 
is about 20 miles, Maximum speed is 65 m,p.h. /comnent 


=} 
— { - 


comment 
amhina with associated ground erosion 
| 1 high 4140 loading machine with тта Ёс pro 
TCP EM ince Bonet tako advantage of the MAIL duct to produce 
20 21 i ы 7 | 
а small vehicle, 
кад TIT л 119 1d 
; ' f 11 sc. type alrendy develo ой ап 
The stabilisation system M iature stiok ia difficult for toat 


кү аж ated, The control by min > эрэл 
se араық мы; 52 suitable for an Army driver. Тһе whole ب‎ 
"f the control system is at airoraft rathor than military vehiole Lovet. 


made tho firm aware of the likelihood of large 


pe s and sufficient control powor is available for use 


monentum dreg moments, 
with the control system proposed. 


=]1 tral duct or deflocted 
.8 Handley Page Type А (fan-lift ongino in con 
E | ー jot engine with side exits) 


1 is Рог в machino with the required cross-country 
performance, with в fan-lift engine in a central duct, blowing through a 
deflecting noszlo. Alternatively, а ҮК,2 version has an existing engine 
with deflected efflux through side exits, 


The proposa 


mhe structure is of light-alloy or moulded glass fibre panels on 8 
light-alloy frame forming deep longitudinal beams, Suspension is similar to 
Perret, but gives a long (15 in.) stroke for landing. The road engino is a 
water cooled Coventry Climax РУВВ-б of 100 b.h.p. 


Тһе lift engine is an RB.162 eft-fan unit of 11,000 static thrust 
(ТИТ = 1.57) Propulsion is by jet deflection through в swivelling spherical 
nozzle (4209 fore and aft). Additional lift for take off, to counteract 
adverse ground effect, comes from 3 hydraulic jacks with 18 in. stroke 
initially giving 4000 15, thrust in all, 


The Kk,2 version uses а B8.53/5, a version of the deflected jet engine 
with side exits incorporating nozzles that сап be swivelled to provide 
combinations of lift and thrust, Thrust is 15,300 1b, (ТИТ 1.53), and because 
of the distribution of exits, ground effect мау even bo beneficial. Control 
is achieved by the usc of extending jet pipes at the sides of the vehiele and 
pipes &t the nose and tail, the latter pair providing yaw as well as pitch 
control, The autostabilisation proposed is а 10% limited authority system 
Operation is by a separate sot of flying controls, : 


Ejector seats are fitted (weight 300 ihi). 


vun ан e lb. for the Kk.l version and 10,000 1b。 for the 

БЕР c yk 2 оай zn 1200 lb. in each ease. Flight fuel is 1700 15 

18 Mors а 340 lb. for the ук,?, The performance of the МЕ.1 is | 
Ops o ft. or a still air flight range of ll miles at 127 m ч h 


The "k.2 can do 60 hops of 1000 
0) J Piss with 1 Lt fitte ili 
and control reasons it has a range of 80 ue em mona iE 


(kel version and 
With 107 limited 

18 inadequate, ‘The 
involve its own extensive 
SCVere ground erosion, 
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‘he МК,2 version is more attractive, Thilo still largor and heavier 
| contr l power problom іа much опаса by abandonment of tho top intake , 
round effoot, both erosion ond adverse lift offoots, will bm reduced, | 


Perhaps того important, tho angina aotually exists and nog le 
! » 8 516 develop 
паа been aueaci ваѓи11у pursued, ment 


In both versions, the "lying controla are not unified with the ground 
controls, i 


In goneral, one gots tho impression that these machines aro derived fron 
the winged versions, rathor than being optimum fan-lift machines, 


2.9 Folland (Jumping vehicle with Compressed air onergy storage) 


This machine has full cross-country performance togother with tho 
ability to jum over obstacles of limited height апа Width; this is 
achieved by driving a large contra rotating fan, for the necessary ton 
seconds ог so, by turbines fed with heated compressed air, the air compressor 


The light alloy structure consists of the duct structure with a onb at 
опо end and ongine compartment at the other, Тһе Suspension consists of 
long wishbonos with oleo-spring units giving a 12 in, travel, Tho road 
engine is Coventry Climax ГҮҢ of 94 Ъ.В.р. driving through a conventional 
trensmission, 


The lift unit is а 913 in, diameter contrarotating fan, driven by six 
Rotax turbine startor units, giving a thrust of 6,600 1b, (m/w 1.2), These 
“re Supplied with air at 160 Р.8.1, from storage bottles at 3000 р.з,1,: 
the units include combustion chambers in Which the nir is heated to 1000%, 
The 4-stago water cooled air Compressor is driven by the road engine; it 
сап be used while the vehicle is on the move and takes 21 or 42 һар» depending 
upon the gear ratio usod, With the sir сарасі+у available it can do two 
Jumps (over а 10 ft, x 30 ft, obstacle) and then requires 7 minutes minimum 
to recharge for the next jump, 


Propulsion is by teke off on the move and/or by vehicle tilt, Stability 
and control is by puff pipes at the corners of the vehicle fed from the lift 
Гап, Vertical flight path control is programmed, probably with selection of 
height. Thrust alteration may be by speed change or itch change: the 
latter is preferablo for response but not for complication, А simple auto- 
stabilisation system (in keeping with limited flight time) can be used, 
controlling the nozzle inlets. Drivers control is through the autostabiligzer, 


The gross weight is 5550 1b., including 1000 lb. payload, 200 1b。 of 
airborne fuel and 120 lb. of usable air, Тһе machine can then do 50 jumps. 
By using both sir bcttles to rive 20 secs. flight, and tilting the machine, 
8 long jump of 750 ft. should be possible, 


River crossing is by swimming; а possible hoveroraft modification, with 
&n inflatable skirt, is sugges tod, 


Comments 
SS SS ar жылы m 


This system has two advantages; fairly low cost (depending penn ae 
cost of developed Rotax units), and instantancous jump readiness, whe 
the air bottles are charged, 


= E] n 
Against this, it cannot fly 1000 ft. though it із claimed o fea 
jump of 750 ft, may be achieved in development, This implies a 3m eie 
running start at fairly high speed which might be quad ds 
but any disturbance at take off would be as serious as û si Ine 
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4 там ho guit 
The control Гогосв required ari seriously undoroa tima tod, теті үн 
cason j stabilisation doos not soom to have boon studied in detail. 
with kinetic energy storage in fan) 


2.10 Westland No.2 (7umping vehicle, 

| 1 JO も TE moro in keeping 
mahino has been sroposed by the firin na b gn 19% | 

with нь specification than the helicopter solution, ТТ pe 

тен vehicle, with a contral ducted fan having hoavy variable psu 

көні soie бізі 814408, нісһ сап be spun up to spoed in about ono minute by 

tho road angine Тһе enorgy thus stored is го108864 by pitch change to give 

a leap of 5 seconds duration. 

form chassis carries the fan duct, 


сар and engine compartment, The running gear is basically similar to we 
of the Champ, with modified oloo shock absorber units, The road ee 
a Coventry Climax Vê 4 litre unit, developing 300 b.h.p. for spinning the 
fan but limited to 100 b.h.p. for road uso, Transmission із orthodox, but 
includes a gearbox for selection of power to fon or road whools, 


The contrerotating fan hes в diameter of 7% ft.; each of the B blades 
(4 рег fan) weighs about 100 19. Тһе total energy stored in the fan is 
about В million 7%, 1b.; and sbout half of this is to be released in 
5 seconds giving about 1500 mean h.p., 8% the fan, The fan can produce а 
T/W ratio of 1,8 initially (over 12,000 1b.) but collective pitch is 
procremmed to give ап appropriate thrust-time relationship, finishing with 
= steady descent at 6 f.p.s, The driver can control the flare-out to cope 
with unexpected landing conditions or to achieve a softer landing. The road 
engine continues to deliver its ромог (at full throttle) to the fen throughout, 
Except that the driver has limited authority in the flare out, the blado 
pitch programme is automatic, 


Tho light-alloy semi-monocoque plat 


-  Propulsive thrust is by duct inclination (8^) end vehicle tilt, Control 
of vehicle pitch and roll is by control fans or by pressure jets at the 
corners of the vehicles, the latter to be fed fron a compressed air supply 
allowing Био jumps; the reservoir сап be recharged in 10 mins, Control of 
yaw is by differential collective pitch (and hence torque) on the fans, 
Separate flight control column and collective pitch lever are fitted, 


i Stabilisation is only touched upon, It is assumed that іп a 5 second 
оар, with programmed fan blade vitch and vehicle attitude, to give а 

ee profile, stabilisation is not required, The driver has limited 
authority to allow minor adjustments, particularly in the touch down, | 


The gross weight of the vehicle 15 6750 1 j 
xy | lb. including a payload of 
995 1b. and flight fuel of 180 lb, (interchangeable with “ТЭР Pul - 170 1b.) 


The number of jumpa is 50, wi 
222 | | | | » With a road range of 200 mile 
exchanged at the reto of 1 Jump Рог 4 miles of iem range, шандын ^^ 


River is b immi 
crossing is by swimming, with a jump out if necessary, There is 


a possibility of ground effect + 
а hover height ор obo ach, 6% performance as a plenum chamber machine, with 


Comment 


This is probably the chca 
| e EES -apest soluti | 
О ee 
the maximum pu pns this, the jump capabilit n de Storage leads 
Е е a About BO ft, At full wei ed a he most limited, 
depends largely on the ШЫ eee, jump capability va ee a 
i " - | Р 1 ۴ Шә | : 
some possibility of adjustment of cae 1 ee 217 4: Байн off, све 


» in terms of fan-driving 


‚ | hot short enough to Wold th. посоваі ty 
п ontrol foroos г quired aro not 40816 with in the 


м . 45. othor machines, they must bi large and шоу require 
ron tear г supplies than ro sugrostod and more сотр14 ва 4 


neup tir Г over one minute is not particularly short, though a 
| Jurn 114 bi mad in half a minuto beonuse tho fan 4 88111 rotati ne 
pout half 168 totel kinetic energy at the ond of a Jump, If tho fan 
pt rotating ot full Seed in difficult country, it would ba An 
"e fone dt vantage (though with a tip speed of 1000 f,p.s, of contra. 
fing fons 1% would presumably be oxtremely noisy", evon at soro pitch angle), 
ng to the firms figures, this would be possible by utilising about 160 
Г thi wine to drive the fan dn addition to the 100 bhp, available 
road Fuel consumption would of course fall to 5 п.р. Ё, OF во, 
uping Irom a flying start is | possibility from level ground, but 
iisturbanoo at trk ГГ might lead to sł ibility nrobloma 88 sovere вв from 


mean Jot velocity is about 220 Г.р.в. nt lift-off, from tho ground 


roai nt Low this my be ri sonnblo, тһ high tip specd at 
ximum lift, ver, Will be likely to lend to noise that 18 some 5 = 6 db 
ve th ther ducted fans and 50 is nudible to the same level at twice 


The river crossing c pability with one inch hover height in a 10 inch 


5 ч = kf А. ー ё 
1235) os Not sei ttractive; nor would this hover height be of much 
Value in minofie] rossing, 


/3. 


—— S A ULLUÁGGGUGUZIELICELUÍLELLEEEELIELCLLELLED£Z 


2 SS o 1L Ll —A—X iÍ ар ^ ^ — чт -ш шш 


= = ll — 08 88 e ылы E p ni ЗІ would 
outside, at zero pitch angle most of the nois 


* Noisy in the machine; | dde 
be on the duct axis snd so would not he heanion the ground, 
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Members of the British Liroraft Corporation 


(Informat ion derived frou fins 


1. Generol 


411 Up Weight: 
Payload: 
Dimensions! 
Length! 

Width: 

Heirht: 
Departure Angle: 
Lpproaüch Angle: 


Lir Portobility: 
2.  Lirborne Particulars 


Litt: 4 Ducted 


brochure 


Scheme "4" Scheme "В! 

8100 lb. 8250 1%» 

970 1% 970 1b. 

20! 

е 527, 
6! -B" 6! В" 

30° 

21.5. 

АМ. 660 


(Scheme A only) 
fans 15" diameter driven by eross-coupled 


twin en сіпев» 


Power Plant: 2 


Vertical Efflux 


х D.H. Gnome 1550 sele Pe 


(each fan): 


Quantity: 223 15/вес. 

Temperature: imbient 

Velocity: 500 Depe Be E. 
Thrust4 8250 @ 3000 ft. + IsGelis 425 
Fan tip speed: 950 Ts ps Se 


Disc Loading: 


Fuel Capacity: 


Flight Capacity: 


Stabilisation: 


Time to Prepare for Take-Off: 


183 1У/ ва» ft. at А. П.М. 


145 52113» 

20,5 miles continuous flight 
Rolling and pitching сап be controlled by 
differential movement of control fan blades. 
Forward motion obtained by tilting whole vehicle. 


90 вес. 


5.  СгомааЪотле Particulars 


Road Engine: Coventry Climax F.W.B. 2.2 Litre бо in 1 
Нах. pover 135 В.Н.Р, ы = 

Transmission: Similar to that of Ferret with 4 wheel drive, 

Suspension: Totel wheel movement of 10", The sprung oleo 


strut effectively acting as the king pins 
9.00" x 46" 


Tyre Size: 


46180/11 


6180/10 
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SHORET 


T XROPORAL 


A SHEET - FOLLLND LIRR LE 


i Membur of the Hower Siddeley Group 
Information derived from firn! s broohur a) 
1. Genoral 


All Up Weight: 5550 10» | Experinental vohiole 


1 " 
Payload: only 
Dimensions! 
Length: 16! -2" 
Wiüth: 2 
Height: 5! -В 


Departure Angle: 55^ 
Approach Angle: дА. 


Lir Portability: Beverley 
| 2, Airborne Particulars 
7 | arters 
Pt 8271! diameter fan driven by 6 fuel/air st 

дын Шәміл by stored air. Air bott les charged by か ii 
water cooled compressor delivering 0.15 1b/seos 2 
3000 pe Sei, 9 4500 В.Р.Н. Тһе total storage capacity 

Fuel: 25 gallons for 'hopping'. 

Үегіісеі Efflux Velocity: 274 Pe De Se 

Fan Tip Speed: 640 f.p.s. 


Flight Capability: 2 x 10 sec. flight, distance depends on 
forward speed. 


Total lift: 6600 lb. 
| Fuel Consumption: % gallon/Hop 
Disc loading: 4124 lb/sqeft. at A U.W. 


Stabilisation: Automatic correction for variation in vehiole 
weight. 


Time to prepare for Take-Off: This is the tine to accelerate 
| the fan - 1.9 secs. 


3. Groundborne Particulars 


Road Engine: 25 litre Coventry Climax developing 95 В.Н.Р. 
| @ 1500 В.Р. И. 


| Tranamission; 5 Forward speeds and reverse, 
| 2 Speed box for compressor. 
| Suspension: 25" from static, 
111 independent using wishbones, 4. wheel drive, 
Tyre Size: 1.50 x 16 
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= WESTLAND AIRCRAFT PROPOSAL Mi 


SECRET 


(Information derived from firm's brochure] 


General 

All Up Weight: 1000 lb. 

Payload: 1000 lb. 
nai i 

Dimensions TENER м» | 
һ: 231-5" 40-0 

Height: B! -10" 51-10 

Departure Angle: 50 

Approach Angle: 50? 


Air Portability: 


Airborne Particulars 


Lift: & Blade, 32! 


Blackburn A129 engine. 


Vertioal Efflux: 
Quantity 
Velocity 
Thrust 


lb) 


Beverley only. 


AW.660 if rotor head and tail сопе dismant Led 


-3" dis. rotor driven by D.H. Gnome or 


fpem 


ft/sec 


Disc Loading: 0,5 lb/sqeft.at A U.W. 


Flight Capability: 


Fuel: 68 galls. 


Continuous 


Stabilisation: 


Stable System 


Time to Prepare for Take-Off: Expected to be within 15 minutes 


to convert from ground to 
airborne configurations Folding 
to be partially by hand, 


Groundborne Particulars 


Вова Enpine: 


Transmission: 


Suspension: 


Tyre Size: 


106 B.H.P. Coventry Climax V-B engine. 1.6 litre 


capacity. Peak output et 6000 r.p.m. using high 
grade motor spirit. 


Based on ЕУ.1800. Five gear ratios, forward and 
reverse. Four үһееі drive. 


Based on FV.1800. 


| Independant wishbones and 
torsion bars. 


7.50" x 16" heavy duty. 


SECRET 


se 


Reki the 


il appropriate box. 


te 


4 
| ЖЭ т > =: 
! use wea Салы. 


3 T ELI 
4 appropriate box. 


~ 


SECRET 


Ff ЧОН сл 1 2 
DATA SEET = WESTLAND АТВОНАГТ PROPOSAL No 
ーー 


(Information derived from firm а br 
14 General 

All Up Weight: 6750 lb. 

Payload: 825 lb. 

Dimensions: 

Length t 0 

Width: CM 

Height: 6! -3 


Departure Angle: 24° 
ORG Angle: 229 


Air Portability: Beverley 


2. Airborne Particulars 


Lift Engine: One Coventry Climax V-8 y litre) piston engine 
rated at 300 B.H.P. (mex) driving 7'-6" dia. 
contra-rotating ballasted 4 Blade fans. Stored 
Kinetic Energy principle. 


Fuel: 56 gallons of 80/67 Octane Petrol (Also for 
ground propulsion). 


Vertical Efflux: 
Quantity: 
Velocity: 
Thrust: 


Disc Loading: 155 10/02 at A U.W. 


Flight Capability: Fuel for 50 hops and 200 miles road ranges 
Common fuel supply means interrelated hop 
and road renge performance. Five minutes 
ground running between hops. Can jump 
from wading conditions 


Stabilisation: Automatic programme for jumps, pilot has 
limited authority controls, 


Time to Prepare for Take-Off: 80 seca. 


5. Groundborne Particulars: 


Rond Enginer: Тһе Coventry Climax lift engine is also used for 


em pan but with throttle restriction to 


Transmission: Fluid flywheels and 5 speed pre-selector gearbox. 
This unit drives the rear road wheels via the 
central fan/road selection gearbox ана the rear 
differential. Four wheel drive Capability. 


Suspension: Based FV.1604. i 
spe s Hem on FV.1601. Independant wishbones and torsion 


Tyre Bize: 7.50" x 46" 


стек the 


4 | appropriate box. 
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WESTLAND PROPOSAL NO, 2 


AE EON. 


6180/22 


DAMA SHEET - BOULION PAUL AIRORIET PROPOSAL 


4, Gonoral 


411 Up Weight: 8315 lb. 
Paylondi 1000 lb. 
Dimensions: 

Length: 16! -o" 
Width: 71-4 
Height: б! =o" 


Departure ingle: 23.5 
Approach Angle: 


Air Portability: AW. 660 
2 Airborne Particulers 
Lift: Fan lift engine, Bristol Siddeley BS. 59/12. 


Vertical Efflux: Cold Hot Stabilising 
Quantity: 
Temperature: 
Velocity: Average 524. f.p.s. 
Thrust: 
Total Thrust: 10,000 lb. 


The extent of mixing is not known. 


Diso Loading: 


Fuel Capacity: 
Flight Capability: 43 sorties of 1000), 


Stabilisation: Hydro-mechanical system using the lift engine 


3%  Groundborne Particulars 


Road Engine: 


Transmission: 


Suspension: 


Tyre Size: 


Information derived from fi 


504, 1Ъ/за. 2. at AUW. 


SECRET 


тта! 8 brochure, 


259 


250 galls. 


gyrocouples resulting from pitch and roll 
disturbances, | 
Forward motion created by tilting the vehicle, 


Coventry Climax F.W.B. L o 
EL ік cylinder developing 


4, wheel drive using hydrostatic transmission, 
Swinzing link system using an air в 

the Dunlop 'Bellows! type in рага б xj 
hydraulic damper Jacks 


9.25" х 16" 


SECRET 


When marking up 
documents for 
copying please 

tick the 
appropriate box, 


BOULTON PAUL PROPOSAL 


DATA SHEET - SHORT BROS. AND HARLAND PROPOSAL 
(Information derived from firm's bro chure) 
1» Generel 
All Up Weight: 7050 10. 
Payload: 823 lb. 
imensions: 
r Ground wmm 
I ength 1 44! -1" | 
Width: 6! -95" “Bas 
Height: 6!-88 6-8; 
Departure Angle: 409 


Approach Апд1е! 329 
Air Portubility: Beverley or Aft-section of AW, 660 
2. Airborne Particulars 
Lift Engine: 1 Bristol Siddeley В.5.59/11 of 0324 lb. thrust 


Vertical Efflux: Cold Hot Stebilising 
Quantity (15/зес) 204.92 74.39 16.69 
Тер, (x (Entry) Ambient + 50 1004.89 516.7 
Velocit ft/sec) 701.4. 1309.3 1363.9 
Thrust (1b) 4376 2966 980 


Total Thrust = 0524 lb. 
Effect of mixing is not know 


Diso Loading: 560 10/89. Г, at AUW. 


Flight Capability: Мах. continuous flight 18.9 nautical miles. 
38 hops of 1000 ft. without refuellinge 


Fuel: 1400 lb = 175 gallons 


Stabilisation: Multi-channel suto-stabilisation system, based 
оп 5.0.1, experience. 
Forward ассс16гс5 110 thrust is obtained due to 
5' basic tilt of engine and attitude change of 
vehicle. 
Small solid fuel rockets ав emergency sir brakes. 


Time to Prepare for Take-Off: 


Road Engine: 90 В,Н.Р. Porsche flet four air cooled unit. 
1.582 litre swept volume. Peak output at 
5,500 RP. Me 


Transmission: Four speed ond reverse gearbox with an auxiliary 
box providing two step down speeds of ratios e t1 
and 5.6:1 (2:1 for road work, 3.611 for oross 
country). 


Suspension: Independant swinging arma with ol eunat 
: | Oleo pneum 
shock absorber units. ке j 
Wheel movement 12", Static + An 
Static to rebound 75", Унаа 


Tyro Size: 1490" x 16", 
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DATA SHEET - BRISTOL SIDDELEY PROFOS4L 


( Informat ion derived from firm's brochure ) 


General 


111 Up Weight: 6000 lb. 
Payload: 50 lb. 
Dimensions: 2 
Length: 15^ 91 
Width: 1! pa 
Height: 6t 710 


Departure Angle: 405 
Approach Angle: 40 


lir Portability: AW.660 = vehicle pulled down to 6!-5", 


Airborne Particulars 


Lift: 61-4! diameter fans 


Power Plant: 3 Gnome engines developing 1000 hep. or 
3 4.129 Blackburn developing 1000 hep. 


Vertical Efflux: 


Quantity: 680 1Ъ/зес. 
Temperature: About Ambient 
Velocity: 215 Ї.рь8. 
Stabilising Thrust: 200150» 
Total Thrust: 6000 lb. 


Disc Loading: 192 l1b/sq.ft. at A.U.W. 
Fuel Capacity: 175 galls. 
Flight Capability: 1 hour continuous 
Stabilisation: Limited authority automatic control. 
Forward motion of vehicle obtained by built- 


in tilt of fan, attitude of vehicle and 
control vanes, 


Groundborne Particulars 


Road Engine: Rover Gas Turbine developing 440 Н.Р. 


Transmission: Ерісус1іс two speed and reverse gearbox with 
mechanical drive to all 4 wheels, 
Мах. Т.В, 1700 lb. 
Top Speed 65 mpehe 


Suspension: Standard I.F.S. with De Dion type rear 
Buspension, inboard disc brakes, 


Tyre Size; Up to 7,50" x 45" 
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DATA ӨНЕРІ = HANDLEY PAGE PROPOSAL, 


(Information derived from firm's brochura 
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- ORIGINAL ТҮРІ "А! 


Genornl 
411 Up Weight: 9000 lb. 
Payload: 1000 1%. 
Dimensions: Ground dir 
Lenjrth t 20! -5" 20! -5" 
Width: 6! =10W 12' -0" 
Height: 1249" 7' -9" 
Departure Anglo: 29 
Approach Angle: 36° 
Air Portability: Beverley 


irborne Particulars 


Lift: 


Vertiocl Efflux: 
Quantity: 


Temperature: 


Velocity: 
Thrust: 


Totrl Thrust: 


Estimeted Disc Loading: 


Fuel Cepacity: 


А single Rolls-Royce fan lift engine. 


11,000 lb. 


728 lb/sq ft. at А. U.F. 


210 52118». 


Flight Ocpobility: 43 x 1000! sorties at sea level 46078 


Stabilisation: А limited authorit y automatic 


stabiliser, 


controlling the motion of puff pipe 

pipes, 
Forward motion obtained by roteting lower 
pert of fen ducting. 


Groundborne Particulars 
Road Engine: 22 litre, 6 | 
» © cylinder, Coventry Climax | 
100 Б.Н.Р. at 4,700 В.Р, И, a eer: нийл. 
frensmission: 5 forward and reverse gears hydraulically 
opersted., 4 wheel driv P | 
Suspension: In dent ly 
ndep Ау sprung front and г | 
cin/hyareulic shock absorbers, нийн 
12" wheel travel, 14" to bump stop from static 
Tyre Size: 9.00 x 16 


SECRET 


HANDLEY PAGE PROPOSAL 
(Original Type B) 


DATA ШЕТ = HANDLEY РА 


ボボ 


4. Сапега] 


All Up Weight: 10,000 1%. 
Payload: 1,000 Ib. 
Dimensions: Ground hir | 
Length: 25! =O" 25!-0! 
Width: 9! - 0" 11! -9" 
Height: p! -2" 81.2" 


Departure angle: 43° 
Approach ingle: | 


Air Portability: Beverley 
2. Airborne Particulars 


lift: А single Bristol Siddeley B.S.53/5 ducted fan lift/ 
thrust engine. 


Vertical Efflux: 


Quantity: 


Temperature: 


Velocity: 
Thrust : 


Total Thrust: 15,500 lb. 


Estimated Disc Loading: 1250 15/84,. 6. at dA U.W. 


Fuel Oapacity: 


Flight Capability: 


stabilisation: 


‘Information derived from firm's brog 


SECRET 
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hure 


21, 


370 15/ sec 


290 galls. 


фо 60 mep.h. without tail unit, 


Fully automatic 
Forward motion obtained by rotating the ends 
of all four nozzles, 


3.  Groundborne Particulars 


Road Engine: 


Transmission: 


puspension: 


Tyre Size: 


2 litre, 6 cylinder, Coventry Climax, 
developing 100 В.Н.Р, @ 4,700 I's Delis 


5 Forward and reverse gears. hydraulicall 
operated. 4 wheel drive, í Y 


с оов арғын front and rear whee ' 

l | : l 

eir ydraulic shock absorbers. 12" wheel ган 
with 45" travel from static to bump stop, 


9:00 х 15 
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80 miles continuous at 200 m.p,h, restrioted 


ч | 
. Mnoril 
Lan 


41] Up Кеісіі; 10,000 lb, 


Payload; 1,000 lb. 

Dimensions: Ground hir 

Length : 27' ائ‎ 261.90 ы 
Width: 9! -o" 27! ~0" 

Height: 81-21 11' -1" 
Departure Anglo: 35: 


Арргоасн Angle: 25 
Lir Portability Beverley 
=. airborne Particulars 


Lift: А single Bristol Siddeley B.S.53/5 ducted fan lift/ 
thrust engine, i 


Vertioal Efflux: 
Quantity: 370 1b/sec, 
Temperature: 
Velocity: 
Thrust: 
Total Thrust: 15,300 lb. 


Disc Loading: 1250 1Ъ/ва, ft. at AUW. 
Fuel Capacity: 225 galls. 
Flight Capability: 45 Sorties of 1000! length 


ог 212 miles continuous 
or 322 miles with overload fuel 


DESE 


| Stabilisation; Simple limited authority stabiliser 
5. Groundborne Particulars 


Road Engine: 25 litre, 6 cylinder, Coventry Climax 
developing 100 B.H. Fe 


Transmission: 5 forward and reverse gears, hydraulically 
operated, 4 wheel drive. 


suspension: Independently sprung front and гевг wheels 
with eir/hydraulic shock absorbers. 
42" total wheel travel with 4z" travel from 


static to bump stop. 
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Telex №.2-224.1 
Telegrams: Avmin-London-Telex 
Telephone: 


TOR АН... ara 


Any communication on the 
subject of this letter should 
be addressed to:— 


THE SECRETARY 


and the following reference 
quoted:— 


BC/257/01 


D. Cardwell ёза, 
hesearch Division, 
P.V.R.D. e, 
Chobham Lane, 
Chertsey, surrey. 


Dear Cardwell, 
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MINISTRY OF AVIATION 


A。D。/A。E。8。 (Plans) 


m 


Room 51 


ot. Giles 
London, 


5, 


So December, 1960 


Attached are the comments on the feasibility studies sub- 


CT 


mitted against F.V, R.D. b. Specification 9258, dealing with 
production aspects and costs. 


Gourt, 


We s c. 


АВ apreed, we have concentrated our effort on the four basic 


concepts, but I am quite willing to extend the exercise and examine 


the designs submitted by inglish Шесігіс/Уіскеге; 
and Handley Fage, should you so desire. 


Boulton & Faul 


l have already mentioned to you that we have managed to 


some of f-the-record cost estimates from the firms 
and I promised to send these to you under se 


together with some pertinent comments. 


I have refrained from selecting the"most 
mission from the production point o 


R271134 


: The majority of dea 
amp androver Or Bed 


ана 1] 


envisaged s+ 
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overriding design considerations, but there will obviously 
come а Stage when industrial aspects such as the size of the 
firms,equipment, labour avai lability and future loadi ng will 
have to be examined, 


Yours sincerely, 


/ Need. 
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Handley Page Lide, Short Brothers апа пагіапи 4. 
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their critical impact on performance. Certain 220 аге complex because 
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| the majority of designs envisaged standar 

champ, landrover or Ferret. ‘ransmission to the 
the large duct aperture оп the fan lift desizn aroe mesh : 
апа universal joints are employed, atic т aed of art" 
simplify the design, but would inevitably bs mr MEET ram. would Certain 
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id p 


adapted com PORANNA 


Aard uH E 55172244 
road wheels is complica 
Ij 


Е 
"a 
ы 


эс » i 
kc) A s I aah ーー 
= س‎ 


"Жаза ийш Е 


1 e (115 Ç егі со = ۴ allowi ng Г ог some ci i еы ex + 3 1| = m t b a 


re 11 Ч хулан, Te y 4. = ao ure су = m —— “наш En d x dad Н ds T4 ға $ hal ж. AFF Ti + 
LOL Г етет S, аз W ell AG d ргосцса DL LI су га ting: оле datter must ; OL Mecessi “9 
г ШАЯН жаза. ғ А Ызаға е — — 
be Ol ііі arbi см ас“ 

il 


1 гіл acce: а 
Адамын икке Ж EE 人 に > ў 1 Е B E = › i : 

Іш Ju L EU ent oo d da La re | 31 ed LO repr ea er L ат Lye 8 (v8 Жы: unc ee ; - 

1 arts che vehicle. The cost shown 
йн U TT gm -1 == VE И Ex mum үйлч, 75, . am м 3 күтү алатын, e" Га a Pa це Fal г E 3. EL АИ AES E = m 
іп Appendix В exclude all elements of research iQ aevelopnent costs and their 


トー um "も で NM 3 pod یك‎ エー = Tr ге ap DX ra 
CLOGS but Ar] A&G v empt ua made to 


La 


581016 amortisation over production 
авзевв the tooling costs and these are 


fat 


L 
ы Р 
: 
included in the detailed project reviews, 


‘tion созба Гог 8 
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s — wh чат TAALO after 

f 100 vehicles extends irom £30,000 to Ал pes vehicle бс ro within 

we are reasonably cor ident that the figures в ваште 
the preacnt stage o the arte All созба 8 


е confines of tno aircraft induatry except for 


! the purchase of the road engine, transmission parts and ine trune nt atapi Liat one 
control components, It can be argued that by transferring the production ~ ~ 
firms traditionally linked with D。G。 У. products, this would reduce the сл 
appreciably, but we consider such 4 saving only mà гіпа and accompanied Bp cat 
number of disadvantages. Іп the case of airborne propulsion plant and эре ора 
| Е t we are tied to а fixed supply pattern ani Етойідаі costs would еде ei 
` from the larger production volume of products which are already in full production 
Por the Ministry of Aviation (e.g. Nimbus, Gnome, Hover turbine, Rotax engine 
starters). The &ctual construction of the vehicle, assembling and testing would 
‘attract hourly rates of 258. to 208» compared with а rate of 152./hour for 
conventional heavy motor transport bodies, The complexibility of Prodigal and the 
extensi red will demand higher hourly rates than those 
t and there should be little difference in & 
manufacture of the vehicle taking place 
because of the continuous 
stage, particularly 


1 мелі 


It wilL be seen from Append La 


ntity о 

discussion with some firms 

! "planning" limits, bearing іп mind 
that production takes place within th 


unde “the same Company as the development is considerable, 
| back-feed of information апа experience 
in the complex testing procedure, 


Froduction Costs 


- Technical Aspecta and their effecta on 


({ ) Structure (Hull 


here із no doubt that the structural design will have to be based on 
aircraft techniques if optimun strength/weight ratios are to be maintained with 
their critical impact on performance. Certain structures are complex because 
of the peculiar shape of the propulsion aucts, ducting, puff -рірез etc, and 
extensive areas of double curvature requiring accurate jigs and tools. The use of 
fibreglass enveloped shells (Bristol-Siddele; прі пев) eases such problems, but 
tools suitable for hufford stretchers will be required for any entry and exit areas 
of propulsion ducting if conventional materials and skin/stringer construction are 


(ii) Road Transmission and Sus 


naion Wheels, Tyrea etc. 


ABC АЗСА ву of pone envisaged standard or adapted components of the 

Тапаго ша ‘arrete Transmission to the road wheels is complicated Бу 

Ee aperture en the fan lift designs, and large numbers of drive shafts 
LM eon ec ага transmission would certainly 

n, but would inevi it] rat 

BIN. pas vitably be more expensive, with & cost ratio of 


Cow reo вузов НИИ іп selecting 4 standard British | 
Coventry (гал appear to be SAtertne for a comprehensive ranger” The Foredhe aiz 
costly, whilst the use Bye аз only а marginal advantage and із certain] eche MS 
M es Mat а Rover раз turbine is not justified 5 Ly more 


Cost and complexity-wise this s : 
M eee E БӨС (Шы. ystem accounts for a sy i 
al copt, Tue introduction of a new engine design can only be банан рр ене 
tive mea еа ble, quite apart from the time 2845 Justified if по 
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қ es "үй ri to get the new engine into the air. цах | 
A major natures It 18 also пилы ра ani/ar Gnome enginem Ао 
engines which are readily available (ТАЗ Br4sto1)a1dqe1eyis subh 
га fille a y available, in preference to their own pra - 
агч fully aware of the time lag and coat penal ty of à new a ks Te н 
Ч L ven eim are Ч а «белі variety, being mainly contra-rotating AE 
eCOnsiderably in diame ‚ег, Number of blade ( | 
na Are also made from such widely ае sri на "eden 


erials as steel, 11 


fibreglass. Iwo designs also Specify variable pitch control with 4 


(v) Stabilitv/Control ia l 


the designs submitted fall into the two major | | | 
Jump capability and those having sustained prs “но npe ad yoi тор, bavo 
to be considerable doubt in the minds of the designers whether а ; “re appears 
requires a similar degree of stabilization control as the more ditties by 
machines capable of sustained flight. If the project is n 
machine, aspects of flight safety/fail safe will add complexity ғ 
а compromise solution is feasible if the basic сонры de ШЕ 0 
vehicle аге to be preserved. | 


COMMENTS ON VEHICLES DISCUSSED IN DETAIL 


westland Aircraft Ltd. 


Егогоза1 N Os 


this design is based on the "Scout" helicopter lift system applied to a 
basic vehicle design to meet the requirements regarding road and cross-country 
periormance. ihe hull is based upon a chassis similar to the "Champ" to which 
із mounted a pylon to carry the rotors. The only major departure from "Scout" 
practice is the hinging of the blades near the root to permit folding - a 
possibility already under consideration for other applications. Approximately 80% 
of components'in the lift system are similar to the "Scout" although some trans- 
mission details may need strengthening. ‘the lift engine proposed is the "Gnome" 
which is in quantity production for this type of service, 


Fropulsion on the ground is by Coventry Climax engine, "Champ" gearbox and 
transmission and wheels but with heavy duty tyres. Control in the air is by 
conventional helicopter methods.’ Lost estimates were discussed and the price of 
255,000 each for a quantity of 100 off was in close agreement with Westland's 
estimates. As this is a type of vehicle very similar to westlands helicopter 
practice, this agreement is to be expected. 


Froposal №. 2 (Р 240-2) (Saunders-Roe design ) 


This proposal is for а vehicle having very limited airborne capability, 
flight being of short duration (approx. 5 seconds) e.g. clearing an obstacle 1 
high by 40' long and operation in the air is relatively inflexible. 


Ihe hull comprises box members joined by diagonal bracings, all conet mann 
in light alloy and having relatively little shaping. Тһе fan duct is а much ey 
complex structure and no detailed information on the method of construction HN 
materials is available. Both light alloy and fibreglass are under ыы сн 
but construciion will involve complex double curvatures. Іп particular Хо. ын 
lip, the geometry of which will have to be determined by tunnel testing, colle 
extremely complex and will need close control. 


T о have 
Lift is by high speed, contra-rotating variable pitch fans па ан деаг 
high inertia which are run ир to speed from the low end hekvy canes а ОО 
boxe It is proposed that the blades shall be hollow and heavy 77 
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| | іп ol A 
suitable radius by mea ри 
геаропаб to blade chang® al е 
ive some measure of conta o. em 
differentially contre 4. 
control will 


h yürauli © 


е blade sheath сап rotate will be located at & 
spiders This ia necessary вв à very rapid rate o! 
are envisaged to accomplish the flight pattern. 


in уам, 4t is intended that the pitch of the fans shall be 


| зе and weight sensitivity à 
- complex hubs ап 


LO | 


Some form of centrifugal rori 
The manufacture of these fans with their 
ex} 01181 Ves 


be incorporated. КУУН! | 
pitch adjusting mechanisms is likely to be rather 
Ground propulsion is by Coventry Vlimax УВ 4-litre engine developing Же at 
output limiting ia required. transmission to all а wheels is through аа агай 
wheels; fan selector gear box and units based on "Champ" transmissions УЧУРУ 


units are also based on the "Champ". 


not been defined, Alternatives are 
corner, controlled dif ferentially, 


Control of attitude (pitch and roll) has 
compressor for 


the use of hyáraulic-motor driven fans at each | | 
by reaction jets using air supplied from storage vessels, ween 6 
ings Stabilization is not at present considered necessary. 


be obtained from normal 


mponents for the ground side of the vehicle will be " 
ігсев and the location of production of the remainder of the components 


mt of sub-contracting will depend upon group activities. 


sts e reviewed and there was considerable divergence between л. Fede | 

8 Eni those of the firm, Тһе А.Р.5. cost of approx. £24, 820 each being 
s 25% below that suggested by the firm. The £24,500, (derived from examination 
‘of the firms brochure) does not include any element for the control system which may 
ultimately be required, and it is suggested that 25,000 should be added to cover 
this, making a final А,Е.5. estimate of £29,000 each for a quantity of 100 off. 


Folland Aircraft 144, 


This vehicle is designed for "Jump" technique having а very limited range 
(10' high x 30' long) when airborne. 


| The hull is of aircraft type construction employing light alloy material and 
should present no great production problems. The inside diameter of the main duct 
needs accurate dimensional control to maintain satisfactory tip clearances, The 
inner and outer panels around the ducting have double curvature profile, although 
the curvature in the vertical plane will be slight - Folland have all necessary 


‘daft is obtained from contra-rotating, fixed-pitch, light alloy fans driven 
bine units, Froduction of the fans should not be difficult and turbine 
© based сп а type now being developed for aircraft engine starting. Drive 
i5. is by direct gearing on the starter shafts to teeth оп the faces of 
ss The turbine units are supplied with hot air obtained by burning fuel 
ей from storage cylinders. Two cylinders are proposed - one spherical 
Hndrical, manufactured from fibreglass. бо far аз is known these 
? ders аге larger than any at present produced and development of techniques 
шау be necessary. Іп view of the known temperature limitations of these materials 
investigations Will be needed to ensure that the ambient temperatures and the fi 
Selivery temperature of the air from the compressor will not exceed material ni 
limitations, Tt is proposed %һа% charging of the cylinders will bs by 52 ? 
light-weight, ¥-Stege water-cooled compressor and no such compressor ін а bee 
Follands sre of the opinion that it should not be difficult to develop s m -- 
pment, but it is considered that to keep within ti СЕЛК aer e Е such 
ыл, it is о ere at to р within the weight specified (180 
-onsiderable development may be necessary. he compressor will be driven fr 15) 
main engine through a two-speed gearbox. гіуеп from the 


Propulsion on the ground, with 4-wheel drive, i | 
2 Хатта тапа тақы мий лал ts y 15 by el Cove 
engine | hrough а 5-speed gearbox and differentials, wheel and kerd 
loyed on the Austin "Champ", all these being well-tried compone 


Climax 22 litre 
&ssemblies АХ Шегі, 
nts, although 
SEI /the 

(3) 


SECRET 


hoe tter 


Мпрове a measure of weight penalty 
| bane т | | = пау, Suspensi Ж” 
баа: жәпе апа long stroke coi] Spring dampers, р on is by independent 


Wish. 


considerable sub-contracting would be carried out, firms 


Ран 91% 1 ЕГ Т: r а” үл 5 " LE such ав L 8 

с мах, rotol have be еп approached regarding the Compressor, Kotol and авын 

で $4 tans апа vehicle components would be obtained from commercial 2 
АГА. nalis Ve have been consulted on Bearing, 3 Suppliers 


ALI tude whilst airborne is controlled b reaction ducts, b ja 
not specified. Uriginal proposals to take BA from the aon acs ia ce are 
Jets at the corners of the vehicle аге now not considered to be O CUP 
separate blower system may be required, Insufficient attention has been [MR 
stabilisation, and the development of these Systems would demand a бакыл? 
effort, 


Frobable cost has been discussed with the firm who estimate 220,000 each f 
quantity production - А.Р.5.(Р1апз) estimate based on the brochure ін outlined ІІ 
Appendix B and is £27,500 each for а quantity of 100 off, but even this it ig 2 
considered, will not cover the coat of auto-stabili sation equipment 80014 tnis b 
required, and the revised price of £52,000 each is estimated, 4 


Short Brothers 2 Harland Ltd. 
Шы m с аа дна 


This vehicle is designed to have prolonged flight capability and the main 
structure is aircraft practice employing, in the main, light alloy. Use is made 
of sandwich panels,- the choice between honeycomb апа corrugated core has not been 
made, but Shorts tend to favour the latter although they have little production 
experience of either and some initial problems may be encountered. Most of the 
panels would be flat or of reiatively slight curvature.  As'the lift engine is an 
integral unit, the central cylinder will not need to be held to close dimensions 
apart from engine pick-up points, this cylinder also &cts ав а closing wall for 
the integral tanks. Considerable attention has been given to design of the crew 
compartment to afford the maximum protection in the case of crash landing. 


lift is derived from а fan lift engine under investigation by Bristol-Siddeley, 
А Гапі1у of such engines has been under consideration for some three years, but has 
not yet been finalised, and design and development is likely to take a number of 
years, and this would delay development of the vehicle. | 


Ground propulsion, through l-wheel drive, is by а Forsche engine and integral 
gearbox апа whilst this may have some advantages the choice does not seem to be 
ап ideal one, and а British alternative would perhaps be preferable and cheaper. | 
Transmission follows orthodox lines, although new gearboxes and differential units 
would need to be designed. Suspension design is based mainly on aircraft practice 
and is backed by considerable detailed knowledge at Shorts, although they would lios 
not necessarily produce the units which would be sub-contractsd to Electro-Hyárau' | 
or Dowty. : 


Control during flight is by reaction ducts at the corners of the uw 
having controllable orifice openinzs at tne extreme tips, the air esr are 
from the main lift engine. As the pipes and control mechanisms for the qum : dir 
hinged to allow folding back when the vehicle is in use on the ground, a ini Ligation 
may be experienced with the rotating joints, Ап advanced form of auto-stabi list 
having triple-channels for pitch and roll, developed for the s. Зе Meg les 
proposed and whilst the use of this would have considerable advantages ш in 
vehicle development it is considered that it would be too cos tiy Е ا‎ 
production vehicles, апа a simpler system could possibly be devised, 


Estimation of costs is difficult due to the lack of detailed шан сс 
on the lift engine, the cost of which із likely to exceed 50% eue SE 345159 
the vehicle, but this has been discussed with Shorts and with l istol ETRE 
Engines and a tentative figure of production costs for the engine, fios ай 
development charges, has been arrived at. Тһе total cost of the vehiele, ‹ 
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а quantity of 100 off 
it 18 


x B, approximates to 250,000 each for 


eenent with tne firm's own 03114164.» | | 
і ві са 4 form of stabilisation 


iving the possible figure 


Minim із in reasonable agr 
MM dered however, that by employing 8 less = jim 
я 8 could be reduced by some £2,000 to 15,000 


И дао oach. 


|ddeley K 


ines Lid. 


3 aine features and is designed to give the 
This vehicle has many promising features and is 16816000. A | 
гей ground performance whilst having full airborne capability and а | 
consi derable safety factor, in that the full flight role could be carried out 
with one of the three engines inoperative. 
| в is of libreglass reinforced with tubular steel, 


fhe min body of the vehicl Ма 
Nr o don which can be relatively cheap for a amall quantity, 
ET d seem that the designed shape would be most 


“Аж the present case it woul 
ЕЭ цэг by апу other method of construction. This shape has been 
| of considerable study of the airflow characteristics and of 
satisfactiry conditions of fan air intake. Іп 


1 аз the result 
el testing to achieve 
‘the tooling for this type of 
t that for а vehicle of this c 
ry to ensure the accurate location of the numerous pic 
er, development is likely to be difficult since it would be necessary 
for reinforcing within the fibreglass structure for any additional 


points, The fan sub-frame in addition to being а min structural 
es of vanes within the fan efflux to effect vertical 


ember also carried а seri 

and directional control, Іһіз unit is most complex since the lly vanes proposed are 
"grouped into four segments in order that they can be operated in unison and 
‘differentially, and considerable mechanical difficulties may be encountered in 

an effort to ensure satisfactory functioning of this unit with acceptable control 
loads. From a serviceability aspect it should be noted that this complex arrange- 
ment will be in the vicinity where mud and dirt are likely to be encountered 
particularly during cross-country working. 


| lift is obtained from contra-rotating fixed pitch steel-bladed fans powered 
| by three aircraft раз turbines having the normal accessories removed, each giving 
approximately 1,000 Б.Е. Production of the fans should not be difficult, but this 
| | might become complicated if Bristol Siddeley's suggestion that hot air de-icing is 
| 227 35 agrees Ч Alternative engines are suggested - Nimbus or Gnome - and of 
2-7 the ылы is the cheaper being of less sophisticated design, but having less 
the event 28-38 pu лав reason for three engines is mainly to give safety in 
цав event of the failure of one engine and it may be that performance with two 
à о м Тһе coupling of the outputs from the 
;ransmission to the fans is ха Он Л Л INN ERAS S 
ensive in Шош... ф (Т/с she necessary gearing de ашыш 


construction is cheap, but it must be 
omplexity considerable jigging will be 
k-ups required, 


julsion а gas turbine engine is specified, this choice being 
t of having a common fuel and on the possibility of using 
ity | © | ut ; m me engines - but such an engine is costly 
Sec ec аы | us to substitute а commercial piston engine, The use of 

ig dum iens ек seem to necessitate completely new Бор л. units Б 
нв bon сэв х еер, transfer box, chassis mounted front and rear 

also : e d be ты. e each wheel With inboard 418с brakes and 
ed on наста ее. pension 18 by combined coil and airspring units 


"Ontrol during flicht ; E 
dri арлын by stabilising jets supplied with air from & 

heer сезм fan gearing, the ducting to the jets - which are 

tea 1 being moulded into the body shell. During 

they my hz Ems ed that their original Proposals may not be 
Е E Ne lor greater air supply to the jets. The 

шіре i "ua апа the complexity is such that difficulties 

HS s is is made ОГ glass fibre as proposed. А simple 
777 75 Proposed, but details have not been worked out. = 
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121 эй, ol ity of onponenta, apart from “811614 parta, would bus ad ufact 
o^ МПО havo «хуегісісе of 811 t ochni ques involvod, üyro-stabi]i А 
i | ГІТ POLIO bu 1151-1217) п t ti et od t o A Spucialiat firm, on 


ost ontimates have been discussed and the A, Р.В, (Flana) f41 Pop | 
each based on the juantity of 100 slightly exceeds the oem өн pd 
marginally, Ав the former figure is based on а cost/weight айзелатегіі казы. 
thought that the system weights indicated in the brochure my in some сазан 
Optimiatic, it is felt that an addition of approximately £2,000 ahould be maa 
cover the possibility of the achieved weights being greater than the estimated " 
figures, giving а total estimate of £53,000 each, (Nimbus engines) 


Brief Comments on Vehicles Qt Investipated in Detail 


Houlton Paul Aircraft Ltd, 
ص‎ илийн 


ihe vehicle has been designed to have sustained flight characteristics the 
basic structure being relatively simple and based on aircraft fuselage practice 
having very simple contours. The central duct will not need close dimensional ` 
control but the intake lip may need considerable tunnel testing before final 
design 18 achieved and resulting profiles may be complex, 


Lift is by BS 59/12 ducted fan lift engine similar to that already outlined 
in Short's proposals, Design and development of the engine would delay work 
on this vehicle, 


After considering a number of engines on the basis of total engine +fue1 weighty | 
100 BHP the Coventry Climax FWB-6 cylinder éngine is specified, Hydrostatic 
transmissions to Boulton Paul design is proposed, this having 4 wheel drive with 
motors mounted within the wheels, This is likely to be much more expensive than 
conventional transmissions, Suspension is by orthodox Swing link with air 
suspension and hydraulic dampers, ; | 


Control during flight is by reaction jets at four corners of the vehicle, 
air being obtained fram the main engine fan, 


Estimate of cost (based on the brochure) prepared by А.Р.8, (Plans) is 
£52,000 each for & quantity of 100 off, 


ish 51 | Vickera-Armstrong: 


This vehicle is designed to have sustained flight sufficient to meet the 
mjor réquirements of the specification. Тһе hull is of semi-monocoque design | 
similar to aircraft fuselage practice and is of light alloy. Те fan ducts would 
involve complicated and costly sheet metal work to achieve the profiles and 2 5 
accuracy. Lift is by four engine-driven variable pitch fans driven гон нан pe 
aircraft gas turbine engines and the cross coupling of the drive ied of 
require transmission similar to that employed in helicopter designe Moped 
the fans is cross-coupled for collective апа differential control and um UM 
of hub mechanisms will be complicated. А Coventry climax FWB road engine 18 _ 
proposed and transmission units sre 811 similar to "Ferret". 


Estimate of cost of this vehicle is £68,000 each for quantity of 100. 


Handley Page 
Type A 


werk v structure 
A vehicle with sustained flight capability, Hull has integrated uem 
based on aircraft practice, a large number of panels having double dde 
the introduction of the partly-external station for the commander considere», 
complicates the structure. Eu 
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nift 15 from | .utlet ducts Road pro] b ааг охөв» Іп order to C 
trollable E рші specially designed 7 3 = unit raal Join! 
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с | ing all “ев Залы ted arrangement ol A MS vira ul Же í СО 
Ma efflux а complice ‘on is added by providing пу 
118 гъ 1 asmi 10811. Lo си inim ч XE n 
od snd further compli a prior to tak off. 
Ed the vehicle from the gro Р КС, сағ 
ЫГ :ets from hinged puff pipes having "97: 
ба hy reaction Jets ti E 
Control is by ree’ 
nozzles. ; ее of 400 off. 


e. ТЭР 1 Ї 3 7 Гү - j О е n ch t с j л ES | 
F Е he vehicle LS 4 | p 2 a | 
Xatimat ed cost oi the ! : 1 


$5 | and tail 
| incorporatio! f hinged wings апа val 
да plight by the incorporation of ning Lng | 

| | sustained flight by © orporation of hinged wings ene so 
uni ERU i umm basically similar to Type А with provision А g 
AD. 11 МЕ a № | 5 к = n os vam Ға! - arl حه و وا‎ =| ^" а тег таса атс 
Ї ы additional engine h&ving awivelling, birlurc&ved ducts for ve 
oi i 11 - 
horizontal thrust. 


ж IR 1 | hs 2. Е АВ Bg e cs П | а, ж: h yt а 
lift is from 2 Rolls Royce lifting engines, one as Туре A, the other 
scaled Versione 


Ground propulsion is similar to Туре A. 


Control in flight is by normal aerodynamic surfaces, jet efflux nozzles 
réaction jets from hinged puff pipes. The elaborate 
these controls would be extremely expensive in prime 
Simple stabilisation is proposed. 


and 
inter-connection oi all 


чч кч de аг туа = уулга = 
Cost and maintenance. 


outs злу of this machine makes it the most expensive to produce - 
cum 22 215.000 each for 100 off, and as it becomes a true flying machine 
ene ang maintenance would need to be of a high order a 

NOTE: 


No considerati 
ration n ei 
Oe iem a been Elven to the Мк, 2 vehicles based on th 
en, nure lor which was received after inves de 
А. ұт 


noe CF 
ic 2 


tigations were complet ed, 
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